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This studywas designed to describe the accuracy 
and intrasession reliability of weightbearing 
measurements obtained with digital bathroom 
scales during comfortable bilateral upright 
stance in patients with stroke. The 20 subjects 
were all independently ambulatory with a 
unilateral assistive device. Theirweightbearing 
during comfortable stance was measured over 
three trials. Analysis of variance revealed that 
the sum of the weightbearing measurements of 
the paretic and nonparetic sides did not differ 
significantly ·from total body weight. Thus, the 
measurements were considered accurate. Some 
variabHityin the weightbearing measurements 
was demonstrated . with analysis of variance, 
which revealed significant differences between 
trials on both sides. Nevertheless, reliability as 
described by intraclass correlation coefficients 
was good (0.829 paretic side, 0.876 nonparetic 
side). Although such reliability is sufficient to 
justify clinical use, methods for increasing 
reliability should be examined. 
[Bohannon AW, Waldron AM: Weightbearing 
during comfortable stance in patients with 
stroke: Accuracy and reliability of 
measurements. Australian Journal of 
Physiotherapy37: 19-22, 1991] 
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Weightbearing during 
comfortable stance in patients 
with stroke: Accuracy and 
reliability of measurements 
Although absolute symmetry in lower-extremity weightbearing 
during comfortable bilateral 
upright stance is seldom observed in 
healthy individuals, the average 
weightbearing through the two lower 
extremities does tend to be comparable 
when multiple individuals are tested 
(Caldwell'et al1986, Murray and 
Peterson 1984). 
Following stroke this tendency is 
altered. Perhaps the most blatant and 
easily measured alteration in patients . 
with stroke is their tendency during 
bilateral stance to bear more weight 
through their nonparetic than through 
their paretic lower extremities 
(Bohannon 1987, Bohannon and 
Larkin 1985, Caldwell et al1986, 
Dettmann et al 1987, Dickstein et al 
1984, Hockerman et al1984). 
This weightbearing asymmetry is of 
concern to clinicians for whom' 
increased weightbearing through the 
paretic lower extremity or improved 
weight transference are goals 
(Brunnsttom 1970, Davies 1985, Lane 
1978, Musa 1986). 
The concern of clinicians, although 
based primarily on judgement, has 
some basis in research. Weightbearing 
asymmetry in patients with stroke has 
been shown to have a low, albeit 
significant, correlation with both gait 
cadence (r ::;: -0.400) and appearance 
(r ::;: -0.343) (Bohannon 1987). 
Weightbearing through the paretic 
side during standing has been found to 
correlate significantly (r ::;: 0.62) with 
Barthel index scores of function among 
patients with stroke (Dettmann 1987). 
Because of their low cost and 
availability, bathroom scales have been 
advocated as a means of documenting 
lower extremity weightbearing in 
patients with stroke (Bohannon 1985, 
Bohannon 1987, Brunnstrom 1970, 
Caldwell et al1986). 
Recommendations for the use of 
bathroom scales and studies describing 
their use have not been accompanied, . 
however, by verification of the 
accuracy and reliability of . 
measurements obtained with the scales. 
Because constant oscillations in 
weightbearing are known to occur 
during comfortable upright stance 
(Murray and Peterson 1973), the 
accuracy and reliability of 
weightbearing measurements cannot 
be assumed. The verification of both is 
necessary before digital scales Can be 
recommended for clinical or research 
applications. 
The purpose of this study was to 
describe the accuracy and intrasession 
reliability of weightbearing 
measurements obtained with digital 
bathroom scales. The weightbearing 
measurements with which this research 
was concerned were those of the 




The subj.ects who participated in this 
study, which was approved by the 
• 
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institutional review board of East 
Carolina University, were 20 patients 
who had experienced a stroke but who 
were without other known neurologic 
or orthopedic disorders of 
consequence. The subjects of the 
convenience sample were all being 
followed in physical therapy during a 
two week period and could ambulate 
independently with a unilateral 
assistive device (a cane). The means 
and standard deviations of the ages, 
heights, and weights of the subjects 
were 63.2 ± 10.1 years, 168.5 ± 9.8cm, 
and 69.3 ± 8.6kg, respectively. 
Instrumentation 
Two digital bathroom scales were 
used to document weightbearing 
(Model HS-I0, North American 
Phillips Corp., High Ridge Park, 
Stamford, CT 06904). Each scale, 
which has a precision ofO.lkg, was 
calibrated prior to use by loading with 
certified weights. The scales were 
placed side by side. Each had a 
footprint silhouette on its surface to 
assure consistent foot placement by the 
subjects. The silhouettes were toed-
out 10 degrees and were 20cm apart at 
the position of the first metatarsal 
heads. 
Subjects were seated in a chair with 
the scales in front of them. They were 
Tab'l! t. 
ORIGINAL ARTICLE 
instructed to "stand up". Thirty 
seconds after attaining standing 
(independently) they were instructed 
to "step on the scales". After placing 
their feet on the silhouettes and being 
reminded to visually observe a target 
circle (placed on a pole) l.5m from the 
floor and l.5m anterior to the scales, 
they were asked: "Are you 
comfortable?" 
The chief investigator then counted, 
"One, two, three, four, go". 
Instantaneous readings were taken 
from the digital displays of each scale 
by an assistant on the "go" command. 
The subjects were then instructed to 
"step back off the scales". The subjects 
were instructed a second and third 
time to step on and off the scales in the 
same manner for a second and third 
reading. A lO-second interval was 
allowed between each weightbearing 
stance trial on the scales. 
Data Analysis 
The three readings taken by the 
assistant from the digital displays of 
each scale were used in all analyses. 
Accuracy was defined as the degree to 
which the sum of the weightbearing 
measurements of the paretic and 
nonparetic side reflected subject body 
weight during each trial. A repeated 
measures analysis of variance 
(ANOVA) was used to test for a 
difference between the sum of the 
MeaD. standard deviation, and range of weightbearing measurements obtained 
during three trials of comfOrtable upright bilateral stance in 28 patients with stroke 
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X s range, 
46il 11.2 32.2~75.8 
443 8.5' 32.2~6S.3 
43.1 lOJ ".3i.'.~66.2" 
23.1 9.4 6.841.3 
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26.1 9.4 5.940.4 
weightbearing measurements and body 
weight for each trial. 
The reliability of the weightbearing 
measurements of the three trials was 
described/tested in four ways for each 
side (paretic and nonparetic). First, the 
absolute variability between each 
subject's trials on each side was 
described by the standard deviation of 
the trials. Second, the relative 
variability between each subject's trials 
on each side was described by the 
coefficient of variation (standard 
deviation/mean) of the trials. Third, 
repeated measure ANOV As were used 
to determine whether the magnitude of 
weightbearing measured over the three 
trials differed significantly on either 
side. Fourth, intraclass correlation 
coefficients [ICCs (3,1)] were 
calculated from the ANOVA results 
(Shrout and Fleiss 1979) to provide 
reliability coefficients. 
Results 
Table 1 summarises the actual 
weightbearing measurements of the 
nonparetic and paretic lower 
extremities obtained during three trials 
of comfortable upright bilateral stance 
and weightbearing measurements 
calculated from them. The patients 
demonstrated greater weightbearing 
through the nonparetic than the 
paretic lower extremity. The sum of 
the weightbearing measurements of 
the paretic and nonparetic sides did 
not differ significantly from body 
weight for any of the trials (trial 1 - F 
= 0.074,p = 0.789; trial 2 - F = 0.043, 
P = 0.838; trial 3 - F = 0.006, P = 
0.941). 
Table 2 summarises the absolute 
variability (standard deviation) and 
relative variability (coefficient of 
variation) of each subject's 
weightbearing measurements. The 
absolute variabilities were similar on 
the paretic and nonparetic sides (mean 
<3.4kg). The relative variability was 
higher on the paretic side (mean = 
16.21 percent) than on the nonparetic 
side (mean == 7.36 per cent) because the 
magnitude of weight bearing was less 
on the paretic side. The repeated 
measures ANOVAs revealed 
significant differences in the 
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Statistics summarising the reliability of three weightbearing measurements obtained from the paretic a ...... ~_retie silfBOf20 
stroke patients during comfortable bilateral stance ' , 
Side Standard 
deviation (kg) 
Coefficient of ANOVA 
Variarion (%) 
".- .'-'. . . ... 
, ---
. " .... :.' ....... : .. ' 
.~ . :-' , .. :. :"': " 
ICC' . 
X s range X s range Source SS df MS 
Paretic 3.32 2.12 .27-7.36 16.21 13.201.2-47.7 Trial 457.6 2 
Error 2507.0 38 
Nonparetic 3.36 1.83 .55-6.73 7.36 3.73 1.7-15.4 Trial 538.3 2 
magnitude of weightbearing across 
trials on both the paretic (F = 3.47,p = 
0.041) and the nonparetic sides (F = 
4.51, P = 0.017). In spite of the 
differences, the ICCs were consistent 
with good reliability on both the 
paretic (ICC = 0.829) and nonparetic 
(ICC = 0.876) sides (Guilford 1956). 
Discussion 
The patients with stroke in this study, 
like those in previous studies, 
demonstrated weightbearing 
asymmetry, bearing more weight 
through their nonparetic than through 
their paretic lower extremities 
(Bohannon 1987, Bohannon and 
Larkin 1985, Caldwell et al1986, 
Dettmann et a11987, Dickstein et al 
1984, Hockermann et aI1984). The 
failure of this study, to demonstrate a 
significant difference between the sum 
of the weightbearing measurements of 
the two sides and body weight provides 
evidence for the accuracy of 
weightbearing measurements. 
The weightbearing measurements 
were, however, somewhat variable 
between trials. The variability was 
demonstrated by the measurements of 
absolute and relative variability and by 
the ANOVAresults. The source of . 
the variability is not clearly 
demonstrated as the scales were 
calibrated, the measurements were 
accurate, and little judgment WaS 
required, On the part of the testers. 
Error 2266.4 38 
The variability probably resided in 
the subjects themselves. Constant 
oscillations are known to occur during 
comfortable bilateral upright stance, 
even in healthy persons (Murray and 
Peterson 1973). Such oscillations were 
noted on the digital displays of the 
scales and may have been reflected in 
the instantaneous measurements 
obtained on the "go" command when 
the digital displays were read. 
The weightbearing measUrements 
investigated in this study demonstrated 
good reliability. At first glance such 
reliability may appear inconsistent with 
with the results of the ANOVAs. 
However, the ICC formula (unlike the 
ANOVA reported) incorporates 
intersubject variance into its 
calculation. WIth a variance among 
subjects, like that in this study, ICCs of 
the magnitude reported are not 
extraordinary. Although the reliability 
of the weightbearing measurements 
obtained in this study was high enough 
to justify their clinical use, methods for 
increasing reliability should be 
examined. 
One method might be to average 
several measurements(llenry 1967). 
Testing this posit by investigating 
interday reliability would be an 
appropriate focus for future research. 
Also appropriate would be the 
investigation of therapeutic 
interventions to increase 
weighthearing through the paretic 
228.8 
66.0 
'".,".: :: .... 
3.47.,.tPt( .'.3i9 .. 
269.1 4.51.oi7.$'1'6 
59.6 
lower extremity and their influence on 
(or relationship with) functional 
performance. Although weightbearing 
during comfortable bilateral upright 
stance was used in this study, 
maximum weightbearing which has a 
higher correlation with function, 
(Dettmann et al1987) may be a more 
usefUl clinical measurement 
Conclusions 
Measurements of lower extremity 
weightbearing during comfortable 
bilateral stance, that were obtained 
using digital scales, were variable in 
patients with stroke. Nevertheless, 
measurements of weightbearing· 
through the paretic and nonparetic 
lower extremities demonstrated good 
reliability. The measurements, 
therefore, may be of clinical value. 
The fUll usefUlness of weightbearing 
measurements will not be established, 
however, until the intersession 
reliability and predictive validity of 
specific static weightbearing 
measurements is known. . 
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